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Description 

The presant invention relates to photosensitive compositions and materials employing them. 
U S Patents 4 399209 and 4.440.846 to The Moad Corporation describe imaging materials and imaging 
processes in which images are formed through exposure controlled release of an image-forming agent from 
a microcapsule containing a photohardenable composition. The imaging material is exposed image-w.se to 
actinic radiation and subjected to a uniform rupturing force. Typically the image-forming agent is a colour 
precursor which is released image-wise from the microcapsules whereupon it reacts with a developer to 
, "'""one' of the problems which has been encountered in designing commercially acceptable panchromatic, 
full colour imaging materials employing these techniques has-been ^j^^^'^f ^'''^^"asgnhrctmposU^^^ 
Tre OTk°sen?twrto uftrTv^^^^^ or blue light e.g.. 350 to 480 nm. 

Full colour photosensitive materials are described in our British Patent 2113860 and m our European 
s Patent Application No. 85303484.1 (EP-A-0164931). 

These imaging materials include a photosensitive layer which contains three sets of microcapsules. 
Each set of microcapsules is sensitive to a different band of radiation in the ultraviolet or blue spectturn and 
contains a cyan, magenta or yellow image-forming agent. The absorption spectra of the initiators employed 
in these microcapsules are never perfectly distina There is always some degree of overlap in the 
0 absorption curves and sometimes it is substantial. Exposure conditions therefore must be controlled 

'^^'^lt"'wouid"to'dMfraW^ extend the sensitivity of the photohardenable compositions used in these 
imaging materials to longer wavelengths. By extending the sensitivity of the photohardenable compositions 
to longer wavelengths, the amount of overlap in the absorption spectra of the initiators and the concomitant 

5 incidence of cross-exposure can be reduced. It would be particularly desirable if compositions could be 
designed with sensitivities to selected wavelength bands throughout the visible spectrum (400 to 700 nm) 
since this would provide a visible light-sensitive material which could be exposed by direct reflection or 
transmission imaging and without image processing. 

We have found that photohardenable compositions may be prepared which comprise a Iree raoicai 

10 addition polymerizable or crosslinkable compound and an ionic dye-reactive counter ion compound, the 
ionic dye-reactive counter ion compound being capable of absorbing actinic radiation and producing free 
radicals which initiate free radical polymerisation or crosslinking of tho polymerizable or crosslinkable 
compound, ttie ionic dye being selected from the group consisting of methine. polymethine, triarylmethane, 

j5 We have found that ionic dye-reactive counter ion compounds, such as cationic dye-borate anion 
compounds, are useful pholoinitialors of free radicaf addition reactions. Such compounds consist of a visible 
light absorber (the ionic dye) ionically bonded to a reactive counter ion. The counter ion is reactive in the 
sense that upon excitation of the dye, the counter ion donates an electron to or accepts an electron from 
the oxcited dyo. This oloctron ttansfor process genorates radicals capable of initialing polymerization of a 



br; D* - 0 + BR. 

The lifetime of the dye singlet stale is extremely short by comparison to the lifetime ol the triplet state. 
The quenching rate constants which have been obsenmd suggest that the ionic compounds ^PS"*"™ » 
1 very efficient electron transfer via the singlet state. In solution in the polymerizable compound, tightmc 
pairing of the counter ion and the dye is believed to provide favourable special P™™* 1^ 

^erfsTora roirsrthis^dotTnot'm^^^^^ restrWed to me singlet state. Sonj<:^^y«5 

as in"Zrsr!^L^r oftrpTe^eVttvel^^^^ appear to exhibit signiffcanl back f ''^"f » 
is befieved that following electron transfer, the dye and counter ion become disassociated such that back 
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the ionic compounds described in m 
from the collision generated spi 
complexes which yield encounter complexes, exciplexes and/or contact ion pairs. See for 
Kavarnos et al.. -Photosensitization by Reversible Electron Transter", Chem. Bev. 401(1986). 

Where the ionic dye and the counter ion are present in the photopolymerizable composition a 
non-transient compound, and not as a dissociated ion pair, formation of the compound is not 
upon diHusion and collision. As distinguished from photographic materials and compositions 
collision dependent complexes, in the present compositions essentially all of the sensitizing dye 



lie compounds we have found useful as initiators in practice of the present invention can also bo 
• • solvents such as trimethylolpropane triacrylate (TMPTA) 

least about 0.1%, and preferably, at least about 0.3% by 
weight. While these amounts are not large, they are substantial considering the nomially lower solubility of 
ionic materials in polar solvenls. While the compounds are soluble, the dye and the counter ion do not 
dissociate in solution. They remain ionically bonded to each other. 

In dye-sensitized photopolymerizable compositions, visible light is absorbed by a dye having a 
comparable absorption band, the dye is raised to Hs excited elecUonic state, the lifetime of which may be 
10-» to 10-' second, depending upon the nature (singlet or triplet) of the excited state. During this lime, the 
absorbed energy allows an electron to be transfeffod to or from the dye molecule to produce the free 
radical, in prior initiator systems, this transfer is diffusion controlled. The excited dye must interact (collide) 
with another molecule in the composition which quenches the dye and generates a free radical. In the 
present invention, the efficiency with which the excited stats is utilized is not limited by diffusion. 

Thus, these systems provide a means for generating free radicals from the excited state ol an ionic dye 
■ - at longer wavelengths. 



One of the particular advantages of using ionic dye-counter ic 
addition reactions is the ability to select from a wide variety of dyes which absorb at substantially different 
wavelengths. The absorption characteristics of the compound are principally determined by the dye. Thus, 
by selecting a dye which absorbs at 400 nm or greater, the sensitivity of the photosensitive material can be 
extended well into the visible range. Furthermore, compounds can be selected which are respectivehr 
sensitive to red, green and blue light without substantial cross-talk. 

The invention provides, in a lirst aspect thereof, a dental composition which comprises a polymerizabia 



al polymerization of said photopolymerizable 



According to an alternalive aspect thereof, the invention provides a photopolymerizable composnion 
comprising an acrylate based adhesive material, and a photoinitiator, wherein said pholoinitiator comprises 
ari ionic dye-counter ion compound capable of absorbing aclinic radiation and producing free radicals vihich 

exposing Uiedenlaf surface to actinic radiation to initiate photopolymerization; and 
curing said adhesive material. 

Reference is made to the description of our U.S. Patonis 4.399,209 and 4,440,846. our British Patent 
21 13860 and our European Patent Application 65303484.1 (EP-A-0164931). 

Cationic dye-borate anion compounds are known per se in the art. Their Preparation is described in U. 
S. Patents 3,567,453: 4,307,182; 4,343,891: 4,447,521; and 4,450,227. Suitable such compounds found used 
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Represenlalive examples of alkyi groups represented 
hexyl, oclyl. stearyl. etc. The alkyI groups may be substitui 
acybxy, acyl. alkoxy, or hydroxy groups. ^ 



anted by R'-R' groups include benzyl, flepresenlative alicyclic groups 
include cyclobutyl. cyclopentyl, and cyclohexyl groups. Examples of an alkynyi group are propynyl and 
ethynyl, and examples of alkenyl groups include a \~— ' 



phenyl, naphlhyl. and s 

iples of aralkyi gi 

:lopentyl, and cyclohexyl groups, txamf 

idenlified omptrically; however, potentially 
erence to the Weller equation (Rehm. et a!.. 

r^J. Chem. B. 259 (1970), which can be simplified as lollows. 

G - E«fE„d-E^ (Eq. 3) 

here A G is the change in the Gibbs free energy, E„ is the oxidation potential ol the borate anion BR; . 
. is the reduction potential of the calionic dye, and E^, is the energy of light used to excite the dye. 
s'eful compounds will have a negative free energy change. Sinnilaily. the difference between the reduction 
Dtential of the dye and the oxidation potential of the borate must be negative for the compounds to be dark 
not absolutely predict whether a compound will be 
ar factors will influence this detemiination. One such 
f'artor is the eHect of the monomer on the compound. Another factor Is the radial distance between the ions. 
It is also known that if the Weller equation produces too negative a value, deviations from the equation are 
possible Furthermore, the Weller equation only predicts electron transfer, and does not predict whether a 
particular compound is an efficient initiator of polymerization. The equation is a useful first approximation. 

Specific examples ol cationic dye-borate anion compounds useful in the practice of the present 
invention are shown in the following table with their X max. 
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Table 

Compound No. Structure XBax_mPTA) 






A-CtH.3 tv-CtH,j 
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No. 


R' 


Ar 


7A 


n-butyl 


phenyl 


7B 


n-hexyl 


phenyl 


7C 


n-butyl 


anisyl 



8. 






R' 


R 




8A 


methyl 


n-butyl 




SB 


methyl 


n-hexyl 


phenyl 


8C 


n-butyl 


n-butyl 


phenyl 


8D 


n-butyl 


n-hexyl 


phenyl 


8E 




n-butyl 


phenyl 


8F 




n-hexyl 


phenyl 


8G 


ethyl 


n-butyl 


phenyl 
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10. 




Ar3 6^-R' 
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No^ R R' Ar 





methyl 


n-butyl 


phenyl 




Tblityl 


n-hexyl 


phenyl 


lie 






phenyl 


llD 


n-butyl 


n-hexyl 


phenyl 


HE 


n-pentyl 


n-butyl 


phenyl 


HF 




n-hexyl 


phenyl 


IIG 


n-heptyl 


n-butyl 


phenyl 




n-heptyl 


n-hexyl 


phenyl 


111 


methyl 


n-butyl 


anisyl 




nion compounds can be prepared by reading a borate salt wiin a ayi 
iwn manner. See Hishiki. Y., Repls. Sci. Research Insl. (1953). 29, PP 
salts such as sodium tetraptienylborate. sodium triphenylbutylborate. S( 



trianlsylbutylborate and an 



yo compounds are also useful in practise of of the present invention. Anionic dye-iodonium ior 
compounds of the formula (IV): 
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Table 2 



II 
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esters of polyhydric alcohols such as Uimethylolpropane and pentaDtythritol; and acrylate ot methacrylate 
terminated epoxy resins, acrylate or methacrylate terminated polyesters. ''^P'^^f f ^P^!.^''^^^^^^ 
ethylene glycol diacrylate. ethylene glycol dimethacrylate, tnmethylolpropana tr.acrylate (j'^PTA^ pen 
taerythrltol tetraacrylate. pentaerythritol tetramethacrylale, dipentaerythritol hydroxypentacrylate (DPHPA). 
hexanediol-1,6-dimethacrylat9, and diethyleneglycol dimethacrylate. . ,u hi 

The Ionic dye compound is usually used in an amount up to about 1% by weight based on me weigni 
of the photopolymerijable or crosslinkable species in the photohardenable composition. More typically, the 
compound is used in an amount ol about 0.2% to 0.5% by weight. 

While the compound can be used alone as the initiator, film speeds tend t 



iw and oxygen 



autoxidizer. An autoxidizer is a compound which is capable ol consuming oxygen in a free radical chain 
s. Examples ol preferred N.N-dialkylanilines are 



I. ethyl 4-(N,N-dimelhylamino) 



uenzoate 3-chl"oro-N N-dimothylaniline. 4-chloro-N,N-dimethylaniline, 3-ethoxyN.N-dimelhylanilin 
N,N-dimethylanilino.4-methyl-N,N-dimelhylaniIino.4-elhoxy-N.N-dimethylamUne. N.N-dimethylthioanicidine. 
4-amino-N.N-dimethylanillne. 3-hydroxy-N.N-dimethylaniline, N,N,N',NMelramethyl-1.4-dianil.ne and 4-ac- 
etamido-N.N-dimothylaniline. ^ , , ^ , „ 

Preferred N N-dialkylanilines are substituted wilh an alkyi group in the ortho-position and include 2,6- 
diisopropyl-N.N-dimethylaniline, 2,6-diethyl-N,N-dimelhylaniline. N,N,2,4.6-pentamethylaniline (PMA) and p- 
t-butyl-N,N-dimethylaniline. 

Another useful class ol aulooxidizer is thiols such as mercaptobenzoxazoles. mercaptotetrazines. and 
mercaptotriazines. Specific examples ol useful thiols include: 2-mercaptobenzolhiazole. 6-ethoxy-2-mercap- 
I tobenzothiazole. 2-mercaptobenzoxazole, 4-methyl-4H-l,2,4-tria20le-3-thiol. 2-mercapto-1-methylimidazole, 
2-mercapto-5-melhylthio-1 ,3,4-thiadiazole, 5-n-butylthio-2-mercapto-1 ,3,4-thiadiazole. 4-methoxyben- 
zenethiol, 1-phenyl-1H-letrazole-5-thiol, 4-phenyl-4H-1,r ' ■-- " M"n>« n«„. 

The autoxidizers are preferably used in concentratioi 



butyl-4-methylphenol. Other u 
to improve shelf life. 

Synthesis Examples 1 and 2 respectively illustrate the preparation of borates ar 



SYNTHESIS EXAMPLE 1 
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As an alternalive synthesis, to a 1.0M solution of 2.0 equivalents of 1-butene in dry. oxygen-free 
dichlorometliane, under inert atmospliere, was added slowly dropwise with stirring. 1.0 equivalents of a 

stirred at reflux for 36 hours and the dichloromethane and excess 1-butene were removed by simple 
5 distillation. Vacuum distillation of the residue afforded 0.95 equivalents of a colourless mobile oil (BP 66-7 
0.35 mm Hg, "BNMH:bs (4.83PPIV«)). Under inert atmosphere, this oil was dissolved in dry, oxygen-free 
tetrahydrofuran to give a 1.0M solution and 3.0 equivalents of a 2.0M solution of phenylmagnesium chloride 
In tetrahydrofuran were added dropwise with stirring. After stirring 16 hours, the resultant solution was 
added slowly with vigorous stirring to 2 equivalents of tetramethylammonium chloride, as a 0.2 M solution, 
(0 in water. The resulting white flocculate solid was filtered and dried to afford a near quantitative amount of 
the desired product Mp 2S0-2 ■ C, 'BNMabs (-3.70PPIUI). 

SYNTHESIS EXAMPLE 2 



)s A suspension of a borate salt (1 g/10 ml) in MeOH was sonicated, to make a very fine suspension. The 
flask Vtas protected from light by wrapping with aluminium foil then 1 equivalent of dye was added. This 
solution was stirred with low heat on a hot plate for about 30 min. It was alkmed to cool to room 
temperature then diluted with 5-10 volumes of ice water. The resultant solid was filtered and washed with 
water until washings were colourless. H was suction tillered to dryness. The initiator compound was 

20 completely dried by km heat (about 50 'C) in a vacuum drying oven. Initiator is usually fomied quantita- 
tively. Analysis by H-NMR indicated 1:1 compound formaUon typically greater than 90%. 

SYNTHESIS EXAIVIPLE 3 
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wherein said pholoinitiator comprises an ionic dye-counter ion compound capable of absorbing actinic 
radiation and producing free radicals wliich initiate free radical polymerization of said pliotopolymeriza- 
ble acrylate based adhesive material: 



2. The composition according to claim 1 wherein said photoinitiator is a 



A photopolymerizable composition comprising an acrylate based adhesive material, and a photoinitiator. 
wherein said photoinitiator comprises an ionic dye-counter ion compound capable of absorbing actinic 
radiation and producing Iree radicals which initiate free radical polymerization of said acrylate based 
adhesive material, for use in a dental treatment comprising applying said cc 

exposing the dental surface to actinic radiation to initiate photopolymerization; and 
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Fotoinitiator, der eine ionische Farbstoff-Gegenlon-Verbindung umfaBI. die dazu geeignet 

lerisation des genannten. auf einem totopolymerisierbaren Acrylat basieronden 



ch gekennzeichnet, daB der Fotoinil 



a. Verbindung nach einem der vorhergehenden AnsprOche, dadurch gekennzeichnet, daO 
auf einem fotopolymerisierbaren Acrylat basierende KlebstoH auf 2.2-bis[4-(2-hydroxy- 
ypropoxy) phenylJ-Propan basiert. 



5. Fotopolymerisisrbare Verbindung mit einem Klebstoff. der auf Acrylat basiert. und einem Fotoinitiator. 
der eine ionische Farbstotl-Gegenion-Verbindung umfaBt, die dazu geeignet ist, aktinische (fotowirksa- 
me) Strahlung 2u absorbieren und freie Radikale zu produzieren. die die radikalische Polymerisation 
des genannten, auf einem fotopolymerisierbaren Acrylat basierenden KlebstoHs einleilen, zur Verwen- 
dung bei einer Zahnbehandlung, bei der die Verbindung auf eine Zaiinobertlache aufgebracht wrrd, 

die 2ahnoberfiache einer aktinischen Strahlung ausgesetzt wird, urn die Fotopolymerisation einzuleilen, 
und der Klebstoff zum Auszuharlen gebractit wird. 

6. Verbindung nach Anspruch 5 zur Vemendung in der Zahnbehandlung, dadurch gekennzeichnet. daS 
der Fotoinititator ein kationischer Farbstoff-Borat-Anionkomplex ist. 

7. Verbindung nach Anspruch 5 zur Veraiendung in der Zahnbehandlung, dadurch gekennzeichnet, daB 
die aktinische Strahlung sichtbares Licht ist. 

8. Verbindung nach Anspruch 7 zur Venvendung in einer Dentalverbindung, dadurch gekennzeichnet, daB 
das sichtbare Ucht entweder von einer Breitband-Uchtquelle sichtbaren Lichts Oder von einem Laser 
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comprenant I'application de ladite composition sur la surface dentaire; 

■'exposition de la surface dentaire aux radiations actiniques pour initier la pholopolyrrierisatior); et 
la polymerisation dudit mat^riau adh^sil. 

Composition selon la revendication 5 pour utilisation dans un traitement dentaire dans laquelle ledit 
photoinitiateur est un complexe colorant cationique-anion borate. 

radiations actiniques proviennent de la lumiire visibta. 

Composition selon la revendication 7 pour utilisation dans une composition dentaire dans laquelle la 
lumifere visible est foumie par une source de lumi^re visible i large spectre ou par un laser. 



